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T obacco use is the leading cause of preventable disease and death worldwide. 1 In the United States, second-hand smoke causes over 3000 deaths from lung cancer and 46 000 deaths from heart disease per year. 2 Second-hand smoke, defined as involuntary exposure to a combination of diluted, side-stream cigarette smoke and exhaled smoke from smokers, 4 is the third leading cause of preventable poor health and premature death in the developed world. 3 Research delineating the impact of smoke-free legislation on cardiovascular and respiratory outcomes could have an immense impact on public health, given that an estimated one billion people are expected to die during the 21st century as a result of tobacco-related disease. 5 Public health campaigns have been aimed at increasing awareness of the dangers of second-hand smoke, and many jurisdictions worldwide have enacted legislation to restrict smoking in public places and at work. 6 A growing number of studies has shown evidence of reductions ranging from 8% to 40% in admissions to hospital for acute myocardial infarction after introduction of smoke-free legislation. [7] [8] [9] [10] [11] [12] [13] Very few studies have examined the impact of anti-smoking legislation on other cardiovascular outcomes or on respiratory outcomes.
Our objective was to determine the effect of anti-smoking legislation on admissions to hospital for the cardiovascular conditions of acute myocardial infarction, angina and stroke, and the respiratory conditions of asthma, chronic obstructive pulmonary disease, and pneumonia or bronchitis.
Methods

Study design and data sources
Toronto is the provincial capital of Ontario, Canada, and has a population of about 2.5 million people, making it the fifth most populous municipality in North America. Eight percent of the total Canadian population resides in Toronto, and about 25% of new immigrants to the country settle in the city. In Ontario, smoke-free legislation was a municipal responsibility until the implementation of a comprehensive province-wide smoking ban in May 2006.
14 Public smoking bans may take different forms, from full comprehensive smoking bans in all public places to partial bans where smoking is allowed in some public places (e.g., bars or restaurants) and under certain restrictions. 15 We obtained information about smoking restrictions in Toronto from the Toronto Public Health section of the website of the City of Toronto, which provides a historical record of smoke-free legislation in the city. Toronto passed bylaw no. 16 requiring all public places and workplaces to Background: Few studies have examined the impact of antismoking legislation on respiratory or cardiovascular conditions other than acute myocardial infarction. We studied rates of hospital admission attributable to three cardiovascular conditions (acute myocardial infarction, angina, and stroke) and three respiratory conditions (asthma, chronic obstructive pulmonary disease, and pneumonia or bronchitis) after the implementation of smoking bans.
Methods:
We calculated crude rates of admission to hospital in Toronto, Ontario, from January 1996 (three years before the first phase of a smoking ban was implemented) to March 2006 (two years after the last phase was implemented. We used an autoregressive integrated movingaverage (ARIMA) model to test for a relation between smoking bans and admission rates. We compared our results with similar data from two Ontario municipalities that did not have smoking bans and with conditions (acute cholecystitis, bowel obstruction and appendicitis) that are not known to be related to second-hand smoke.
Results:
Crude rates of admission to hospital because of cardiovascular conditions decreased by 39% (95% CI 38%-40%) and admissions because of respiratory conditions decreased by 33% (95% CI 32%-34%) during the ban period affecting restaurant settings. No consistent reductions in these rates were evident after smoking bans affecting other settings. No significant reductions were observed in control cities or for control conditions.
Interpretation:
Our results serve to expand the list of health outcomes that may be ameliorated by smoking bans. Further research is needed to establish the types of settings in which smoking bans are most effective. Our results lend legitimacy to efforts to further reduce public exposure to tobacco smoke.
be smoke-free, and implemented it in three phases. 17 Two of these municipalities (Durham Region and Thunder Bay) had no public smoking restrictions until after the introduction of phase three of Toronto's anti-smoking legislation. 18 These two were selected as control cities. Durham Region is a rapidly-growing area to the east of and adjacent to Toronto, whereas Thunder Bay is a regional centre in the northwest part of Ontario, far removed from Toronto. Demographic characteristics of Toronto, control cities and Canada were obtained from the 2006 Canadian Census 19 and the Canadian Community Health Survey. 20 The 2005 public access version of the Canadian Community Health Survey file was used, and responses to questions about self-reported smoking, exposure to second-hand smoke and rates of influenza vaccination were identified.
We selected three cardiovascular conditions (acute myocardial infarction, angina and ischemic stroke) and three respiratory conditions (asthma, chronic obstructive pulmonary disease, and bronchitis or pneumonia). Currently, evidence is strongest for a relationship between smoking bans and rates of admission to hospital for acute myocardial infarction. However, a smaller number of studies has explored the impact of smoking bans on other ischemic conditions, including angina and stroke. We included respiratory conditions because evidence also exists for an association between second-hand smoke and respiratory symptoms. [21] [22] [23] [24] [25] We selected the three most common respiratory conditions leading to hospital admissions.
In addition to selecting control cities, we selected acute cholecystitis, bowel obstruction and appendicitis as control conditions. Hospital admissions because of these conditions should be independent of any changes in smoking legislation, given that no known relationship exists between these conditions and smoke exposure.
The Discharge Abstract Database of the Canadian Institute for Health Information records discharge-related information on all patients admitted to acute-care hospitals in Ontario. We used the diagnostic codes of the International Classification of Diseases (ICD) 9 and 10 (Appendix 1, available at www .cmaj .ca /cgi /content /full /cmaj .091130 /DC1) to identify the primary reason for hospital admission for cardiovascular, respiratory and control conditions in Toronto from January 1996 to April 2006. We also calculated number of admissions to hospital because of cardiovascular, respiratory and control conditions in control cities. Admissions because of cardiovascular and chronic obstructive pulmonary disease were limited to patients aged 45 years and older, and asthma admissions were limited to those younger than age 65 years. There were no age restrictions on admissions attributable to pneumonia or bronchitis or to control conditions. We obtained population estimates for Toronto and control cities from the 1996, 2001 and 2006 censuses of Statistics Canada. 17 We used interpolation of population estimates between census years to create yearly population estimates.
Statistical analysis
We first calculated crude rates of hospital admission for acute myocardial infarction, composite cardiovascular conditions (acute myocardial infarction, angina, stroke) and composite respiratory conditions (asthma, chronic obstructive pulmonary disease, and pneumonia or bronchitis) outcomes. We then used an autoregressive integrated moving-average (ARIMA) model to isolate the effect of the smoking ban from existing time trends. A regression coefficient that quantifies the effect of the variable (smoking ban) was estimated (Appendix 2, available at www .cmaj .ca /cgi /content /full /cmaj .091130 /DC1). We repeated these analyses for control municipalities and control conditions. Previous studies have found that risk for acute myocardial infarction decreases immediately after reductions in exposure to second-hand smoke. [7] [8] [9] [10] Therefore, we tested for an immediate change in rates after implementation of ban legislation.
We performed subgroup analyses by age group and sex. Our study was approved by the research ethics board of Sunnybrook Health Sciences Centre.
Results
Crude annual rates of admission to hospital that were attributable to each cardiovascular and respiratory condition declined in Toronto during the 10-year period of our study (Figure 1a) . The largest declines were seen after the phase of the ban affecting restaurants came into effect, and included a 17% (95% CI 14%-19%) decrease in the crude rate of admission because of acute myocardial infarction, a 39% (95% CI 38%-40%) decrease in crude rates of admission because of cardiovascular conditions and a 33% (95% CI 32%-34%) decrease in rates of admission for respiratory conditions. Crude annual rates of admissions attributable to composite control conditions in Toronto and in control cities remained relatively stable during the 10-year period of the study (Figure 1b) . Additional graphs showing crude annual rates of admissions in the control cities are available in Appendix 3, at www .cmaj .ca /cgi /content /full /cmaj .091130 /DC1.
Demographic data for Toronto, the control cities and Canada are listed in Table 1 . Toronto's population was similar to control cities in age, sex and socioeconomic characteristics, but a 20 ‡People aged 12 years and older who reported their smoking status and defined their current smoking status as smoking on a daily or occasional basis. §Non-smoking people aged 12 years and older who were exposed to second-hand smoke on most days of the month preceding the survey. † †People aged 12 years and older who reported when they had last received influenza vaccination. much higher proportion of its population was foreign-born. Toronto also had slightly lower rates of smoking and exposure to second-hand smoke. The two control cities had similar rates of smoking and exposure to second-hand smoke compared with Toronto. Each condition required an ARIMA model for each of the ban periods. The results for angina during the three periods of the smoking ban are presented in Figure 2 . The results of the time-series analysis are summarized in Table 2 . During the first phase of the ban's implementation, which affected public places and workplaces, there was a significant reduction in hospital admissions attributable to angina (p < 0.001) but not in admissions attributable to other conditions. A significant reduction in admissions was evident for all conditions after the introduction of the second phase of the ban, which included restaurants. Only acute myocardial infarction showed a significant decrease in number of hospital admissions after the introduction of the third and final phase of the ban compared with the previous time period. Results did not show consistently different findings for any particular age group or for either sex. No significant reductions were observed in number of hospital admissions attributable to control conditions during any of the Toronto ban periods (Table 2 ) . The results of the time-series analysis of data for control conditions in both control municipalities and in Toronto are summarized in Table 3 . There were no significant reductions in hospital admissions in the composite control group (cholecystitis, bowel obstruction, appendicitis) for any area (i.e., Toronto or control cities) during the three periods of the ban. We observed a significant increase in hospital admissions because of bowel obstruction in Toronto during the second period of the ban. Results during the two other ban periods were not significant.
In control cities, we observed an increase of 14.6% in crude annual rates of admission for acute myocardial infarction during the second phase of the ban that affected restaurants, corresponding with a significant increase in the trend of rates of hospital admission before and after the ban (p < 0.001). There was a 3.4% overall reduction in hospital admissions for cardiovascular conditions (p = 0.055) and a 13.5% overall reduction in admissions for respiratory conditions (p = 0.239), corresponding with nonsignificant decreases in the trend of rates of hospital admission before and after the ban.
Interpretation
The implementation of anti-smoking legislation was associated with significant reductions both in hospital admissions attributable to cardiovascular conditions and those attributable to respiratory conditions. A consistent relation was evident between these reductions and a ban on smoking in restaurants. No significant changes were observed in hospital admissions attributable to control conditions in Toronto or in admissions because of cardiovascular and respiratory conditions in control cities during the second phase of the ban. The importance of restaurants in exposure to smoking may lie in their ubiquity and the frequency with which people dine out.
Compared with other studies, the smaller effect sizes in our study for rates of admission to hospital because of acute myocardial infarction may be related to both the stepwise enactment of anti-smoking legislation and lower rates of active smoking levels compared with other jurisdictions. Our study was conducted over a longer duration than most other studies, and hospital admissions were captured through a large, well-validated population database, allowing for better delineation of trends.
While complete isolation of one variable is not possible in an ecological study, the interrupted time-series design is able to evaluate both the immediate impact of a variable and its impact over time, while controlling for trends before the introduction of the variable. To further attempt to isolate the impact of smoking bans, we used two different strategiescontrol conditions (i.e., gastrointestinal conditions) and control cities. The inclusion of control conditions addressed covariables specific to Toronto, whereas control cities accounted for province-wide secular trends. Previous studies have focused on the impact of public smoking restrictions on cardiovascular outcomes and, in particular, on acute myocardial infarction. [7] [8] [9] Few, if any, studies to date have examined hospital admissions for respiratory conditions in association with the implementation of smoke-free legislation. Those studies that have focused on respiratory conditions were limited to exploring the relationship between a reduction in symptoms and the implementation of smoking bans.
Limitations
Our study should be interpreted in light of some limitations. Our results show a clear association between the implementation of a ban on smoking and admissions to hospital for cardiovascular and respiratory conditions, but it has not proven a causal relation. Ideally, a study concerned with the impact of second-hand smoke should be restricted to the non-smoking population. However, the ecological design of this study prevents the delineation of individual smoking status and other individual-level information, such as actual exposure to second-hand smoke and other risk factors (e.g., prior acute myocardial infarction and other comorbidities). This methodological limitation makes it possible that our observed decreases in both cardiovascular-and respiratoryrelated admissions to hospital were the result of active smokers smoking less or quitting. Although the purpose of smoking bans is to decrease exposure to second-hand smoke for non-smokers, such bans may also have an impact on active smoking.
However, Barone-Adesi and colleagues 26 observed an 11% reduction in admissions to hospital because of acute myocardial infarction during the first five months after the introduction of a smoking ban in Italy in January 2005, and calculated that the contribution of reduced active smoking to this reduction was less than 1%, based on the observed reductions in smoking prevalence and mean number of cigarettes smoked and the relative risks for ischemic heart disease associated with active smoking.We therefore suggest that the reduction in hospital admissions observed in our study is unlikely to have resulted from decreased rates of smoking.
Finally, other factors that occurred over the period of our study (e.g., increases in taxes on tobacco, tightened restrictions on advertising, the addition of graphic warnings to cigarette packaging and removal of smoking-related products from point-of-sale display) may also have affected rates of admission to hospital by reducing smoking behaviour and episodes of smoking-related diseases. Smokers who chose after the ban not to frequent restaurants may have opted for more healthy behaviours or pastimes, which could have similarly affected rates of admission.
Conclusion
Legislated bans on smoking are associated with reduced rates of admission to hospital, reinforcing the value of such bans for public health. Our study suggests that such legislation is related to admissions for both cardiovascular and respiratory conditions. Our findings are consistent with the evidence that exposure to second-hand smoke is detrimental to health and legitimize legislative efforts to further reduce exposure. Further research is needed to establish the types of settings in which smoking bans are most effective.
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